The permanent-magnet-excited synchronous motor is expanding its usage considerably. It has strong and peculiar saliency of magnetic poles, which causes peculiar torque characteristics. The conventional theories, such as the two reaction theory and the two axis theory are based on the d, q axis method. Although they have been resorted to for a long time, their derivation of the circuit equation is not logical and it seems that they involve approximation and even errors. The author applied the spiral vector method (SV method) to analysis of PMSM and derived the new circuit equations of PMSM, whose solutions revealed new aspect of performances of PMSM.1~-7) This paper reports further developments of SV theory of PMSM; one of them is a new V -curve of PMSM. It is quite different from the V -curve of the conventional theories, and is much more useful.
Introduction. The permanent-magnet-excited synchronous motor (PMSM) is expanding its usage in driving robots, machine tools and automobiles, etc. Most of them have strong and peculiar saliency, which makes analysis of PMSM complicated and difficult. Their torque-current characteristics are quite different from field winding excited conventional synchronous machine. The salient-pole synchronous machine has been analyzed by the d, q axis method, making use of direct axis reactance and quadrature axis reactance. But it seems that even the steady state equation is not logically derived. And so the analysis involves not small errors. The author applied the spiral vector method to analysis of PMSM and derived a new circuit equation, which does not involve variable transformation.
Its solution revealed new aspect of PMSM performance, for example new torque-current characteristics.5)'
This paper reports further analytical developments of PMSM, whose gravity center is located at the new V -curve of PMSM. The new V -curve is quite different from that of the conventional theories of the synchronous machine and is very useful in determination of performances of PMSM.
Excitation type and inductance of the armature winding.
The synchronous machine has generally saliency. Fig. 1 shows the field winding excited synchronous machine. [2l When the machine is excited with permanent magnets, two types of installation are possible, as shown in Fig. 2 .
Permeability of permanent magnets is very small, close to that of air. Therefore in the surface mounted type of Fig. 2 (a) we have L~ = 0 and in the embeddedmagnet type of Fig. 2 Here X is flux from poles. This equation gives torque in terms of armature current II l . Fig. 4 is the torque-current curves for PMSM. Measured and calculate torques are in good agreement. They are determined for DC current. It means all losses are eliminated.
V -curve of PMSM.
In the field winding excited synchronous machine field winding is varied, and then armature currents also vary. Field current and armature current are drawn in rectangular coordinate. Then the graph gives the V-curve. However, PMSM does not have field current to regulate. So it has no conventional Vcurve.
In PMSM running under no load terminal voltages are varied. Then armature currents vary. The voltage and the current give a graph of V -shaped curve, in which one of the variables is different from that of the conventional machine. The conventional V-curve is interesting but does not have much usage in analysis and performance calculation. The new V-curve of PMSM in this paper has much more practical usage in analysis and performance calculation.
SV method gave eq. [10], as the circuit equation of PMSM, which contains saliency inductance L~. And torque was given by eq. [14] .
These are new circuit equation and torque equation, which are missing in the conventional theories.
Under no load running torque is zero and eq. [10]
gives 11= (1-E1) /Z.
[15]
Here Z = R + jX. Under no load PMSM produces very small torque, which covers mechanical loss + iron loss due to El. Hence Vl and El are almost in phase as shown in Fig. 5 . When voltage Vl is varied, current also varies. They depicts a graph shown in Fig. 6 . Power factor was also determined and is drawn in Fig. 6 . Power factor is small except near the bottom of the V-curve, where power factor is one.
On the straight portion of the right side of the V curve of Fig. 7 [17] gives that torque is proportional to I1, and largest for a given I1 in the stable zone.
Eq.
[10] determines the terminal voltage V1 for [10].
